It has been well established that repetitive strain injury (RSI) is common among sonographers. [1] [2] [3] [4] Surveys have found that more than 80% of sonographers report experiencing musculoskeletal pain (MSP) due to performing sonographic examinations. [5] [6] [7] [8] For example, a survey found that a third Many sonographers experience work-related repetitive strain injury (RSI). The primary objective of this study was to investigate the feasibility and possible techniques of training sonographers who exclusively hold the transducer in the same hand to become ambidextrous as a method to reduce RSI. Five cardiac and three vascular right-handed sonographers were observed and videotaped while they performed right-and left-handed examinations. The sonographers also filled out pre-and postsession questionnaires. This study found that all the sonographers experienced RSI from scanning exclusively with their dominant hand and that they were willing to learn to perform scanning with their nondominant hand. However, aids and methods to help train sonographers to perform scanning with their nondominant hand would be required, such as arm supports, scheduling practice sessions, and demonstration of proper scanning techniques using the nondominant hand. The secondary objective of this study was to determine the diagnostic and image quality of sonograms acquired with the nondominant hand. A blinded review of the resultant sonograms found that the diagnostic and image quality of the sonograms acquired with the left and right hands were comparable.
of the sonographers reported work-related pain in the upper extremities, and more than 60% experienced MSP in the cervical or lumbar spine. 9 The study found that muscular efforts such as gripping the transducer, applying sustained pressure, and scanning with a flexed or hyper-extended wrist were significantly correlated with increasing severity of pain in the hand, wrist, and forearm.
Degani and Solomon 10 coined the term transducer user syndrome to describe a sonographer's wrist pain attributed to the repetitive movement of the hand carrying the transducer. They suggest that the nature of the injury be established as early as possible, with the goals of restoring the wrists to a pain-free stable unit with a normal range of motion and returning the sonographer to work as soon possible.
Sonographers are often trained to scan by holding the transducer in the same hand. Alternating the sonographer's scanning hand to decrease stress on the musculoskeletal system has been recommended as one of several possible methods to help reduce RSI. 11, 12 The ability to perform both rightand left-handed scanning would provide an opportunity for sonographers to reduce the repetitive and forceful work causing MSP by half. 13, 14 An Australian study found that 1.3% of the surveyed sonographers who reported MSP stated that changing their scanning hand or sonography units was an effective strategy to reduce their MSP. 7 Ambidextrous scanning could also result in more balanced muscle development and body alignment. In addition, the ability to perform lefthanded scanning would provide sonographers with more options when scanning patients who are difficult to scan.
The obstacles for sonographers to scan with their nondominant hand (i.e., the hand that does not usually holds the transducer) include (1) lack of opportunity to practice scanning with their nondominant hand, (2) fear of producing images with inferior image quality or inadequate view, and (3) familiarity and ease of scanning with their dominant hand.
The primary objective of this study was to investigate the feasibility and possible techniques of training sonographers who exclusively hold the transducer in the same hand to become ambidextrous as a method to reduce RSI. Within this primary objective, the three specific aims were to (1) investigate the prevalence and types of RSI that sonographers are experiencing, (2) evaluate the feasibility of training sonographers to become ambidextrous, and (3) explore techniques to help train sonographers to perform scanning with their nondominant hand. The secondary objective of this study was to determine the diagnostic and image quality of sonograms acquired with the nondominant hand.
Methods
A mixed-methods design (using both qualitative and quantitative research methods) was used for this study. The primary objective of this study was investigated through direct observation of sonographers while they performed right-and left-handed scanning and also through survey data. For the secondary objective, a blinded review of the resultant sonograms was performed to determine if the sonograms acquired with the nondominant hand were of adequate image and diagnostic quality.
PARTICIPANTS AND VOLUNTEER SUBJECTS
Eight sonographers from the University Health Network participated in this study (five cardiac and three vascular sonographers). Each sonographer scanned a different young, healthy volunteer (colleagues of the investigators aged between 25 and 35 years old). The five cardiac volunteers who were scanned were men, whereas the three vascular volunteers were women. The study was performed at the Centre for Global eHealth Innovation, University Health Network (UHN), during August 2006. This study was approved by the UHN Research Ethics Board, and all participants and volunteers returned completed consent forms.
SCANNING SESSIONS
The scanning sessions took place in a large usability testing room at the Centre for Global eHealth Innovation. A standard hospital bed with a pillow was placed in the middle of the large usability testing room. The sonography machine (Acuson Sequoia C256 with a 3V2c transducer for the echocardiology examinations; Acuson XP 128 with a 5-MHz transducer for the vascular examinations) was situated at the end of the bed where the volunteer's head rested. The sonographers were able to position the volunteers, themselves, and the sonography machine as they thought was most appropriate. The height of the bed was manually adjustable. Items usually found in a sonography examination room, such as towels and hospital gowns, were available for use by the sonographer. A typical stool used by the echocardiology sonographers (drafting chair that can be elevated higher than standard stools) was situated beside the bed.
The sonographers first completed an online presession questionnaire to obtain demographic information and data on their current RSI history. Each sonographer then performed a standard cardiac or vascular examination while holding the transducer in his or her dominant hand. The dominant hand for all eight sonographers was their right hand. The scanning protocols for the cardiac and vascular examinations are provided in Table 1 . The same scanning protocol was then repeated, but this time with the sonographer performing the scans using his or her nondominant hand (i.e., his or her left hand). The sonography machine and the volunteer's head were moved to the other end of the bed for the scans to be performed with the nondominant hand. The sonographers were asked to verbalize their thoughts and feelings (i.e., "think aloud") during both the examinations using their dominant and nondominant hands, especially with respect to any discomfort or pain. The sonographers were observed through one-way glass during the scanning sessions. The researchers and sonographers were able to communicate to each other via an audio system.
The examinations were videotaped, showing multiple angles of the sonographers' postures. A few minutes after each sonographer performed both the examinations using his or her dominant and nondominant hands, the sonographers were shown a video (on DVD) of themselves performing the examinations. Finally, a postsession questionnaire was completed by the sonographer. The entire process took between one to two hours per sonographer. The length of time required for each examination was variable depending on the amount of difficulty the sonographers were having and the amount of verbal communication they were providing. In general, the examinations using the dominant hand were much shorter (approximately 5-15 minutes) compared with the examinations using the nondominant hand (approximately 15-30 minutes).
REVIEW OF RESULTING SONOGRAPHY IMAGES
The images from the cardiac examinations were digitally stored, and the images from the vascular examinations were printed with a thermal printer, as is routine clinical practice at this particular hospital. Expert reviewers were asked (1) which sonogram (acquired with the dominant hand or nondominant hand) had better diagnostic quality or if they were the same and (2) which sonogram (acquired with the dominant hand or nondominant hand) had better image quality or if they were the same. Image quality was based purely on the amount of detail shown in the image, whereas diagnostic quality was judged based on whether there would be a difference in how the study would be interpreted.
The cardiac sonograms, displayed on two identical computer monitors situated beside each other, were reviewed by a cardiologist and then by a cardiology fellow. The pairs of right-handed and lefthanded acquired images were shown at the same time, one on each monitor, but the assignment of The vascular sonograms on the thermal printouts were reviewed by two vascular physicians. The images were presented in randomized pairs so that reviewers were blinded as to which image was acquired with the dominant and nondominant hands. Each reviewer indicated on a paper form if the pair of images had the same image quality, if the first image had better image quality, or the second image had better image quality. This process was repeated for diagnostic quality.
Results

PRESESSION QUESTIONNAIRE RESULTS
From the presession questionnaire, seven of the eight sonographers indicated that they thought there would be some benefit in learning to scan with their nondominant hand (i.e., their left hand). All eight sonographers indicated that they felt MSP from scanning with their dominant hand. One sonographer had been previously diagnosed with RSI, and one sonographer had been diagnosed with inflammation of the right shoulder.
Additional results of the presession questionnaire are summarized in Table 2 . Right arm, right shoulder, neck, and back pain were common among the sonographers. The types and severity of MSP from scanning with their dominant hands are summarized in Table 3 .
SCANNING SESSION RESULTS
The sonographers were willing and thought it was important to learn to scan with their nondominant hand. Two sonographers stated that if they wanted to retire as sonographers, they would have to start scanning with their nondominant hand. A sonographer stated that "with time and practice I know I can do it, but it feels weird." Another sonographer commented that "it is more challenging with left-handed scanning because of positioning, but I am prepared to learn how to do it." The survey data supported the observational data. Seven of the eight sonographers indicated that they would now be scanning at least occasionally with their nondominant hand. Four of the sonographers indicated that they would be alternating between right-and lefthanded scanning. Two of these sonographers specified that increasing the frequency of scanning with their nondominant hand would be a gradual process. Three sonographers indicated that they would switch to scanning with their nondominant hand for the following reasons: if there was pain from scanning with their dominant hand, if the patient was large, and if there was good arm support available for scanning with their nondominant hand.
Many sonographers were concerned about the image quality of sonograms performed with their nondominant hand. "If I don't get the picture, I'm not sure if it's because I'm using my left hand, or if it is because of the patient . . . I would have to do the study twice or go back to the right hand." Another sonographer stated that "I'm not pleased with the image that I am getting." The analysis of the image and diagnostic quality of the resultant sonograms are discussed below.
Seven of the eight sonographers felt some discomfort or strain from performing an examination with their nondominant hand (i.e., their left hand). All the sonographers indicated that specific equipment would be required for scanning with their nondominant hand, such as arm supports, electronic height-adjustable patient beds, and patient beds with cutouts to allow for more comfortable arm positioning. Seven of the participants tried to create arm supports with rolled-up towels and gowns. This helped to alleviate the discomfort and arm fatigue during the session, but the sonographers stated that makeshift arm supports would not be suitable as a long-term solution.
TRAINING METHODS PREFERENCES
The practice session was viewed by the sonographers as beneficial to learning to scan with their nondominant hand. One participant who had never previously scanned with her nondominant hand stated that it "did not take as long as I expected. I enjoyed it because it gives the right shoulder a break" and it was "something I can accomplish . . . before I did not even think of doing left-handed scanning." The postsession questionnaire also asked the sonographers to rate the usefulness of potential methods to train them to scan with their nondominant hand. The sonographers indicated in the survey that scheduling extra time per patient, having practice sessions with a volunteer, scheduling patients with uncomplicated pathology, and scheduling patients who are easy to scan would be helpful for training to scan with their nondominant hand. See Table 4 for a summary of the sonographers' opinions from the postsession questionnaire on the usefulness of potential training methods to learn to scan with their nondominant hand.
An additional training method suggested by two participants in the survey was to have a sonographer demonstrate scanning techniques for the nondominant hand. The other participants also thought this would be a beneficial training method when asked. One participant also suggested in the survey that an ergonomist would be helpful in providing advice on proper body positioning. Five of the sonographers found that watching the videos of themselves performing the scans could help improve their future scanning posture. Half of the sonographers thought that they would alter their posture after viewing the video.
DIAGNOSTIC AND IMAGE QUALITY RESULTS
Vascular sonograms. Comparisons of the diagnostic quality and image quality of the vascular sonograms acquired with the dominant and nondominant hands are summarized in Table 5 . The reviewers found that most image pairs had the same diagnostic and image quality, except for Reviewer V2, who found that most of the images scanned with the dominant hand had better diagnostic quality. Interestingly, of the pairs of images that were deemed to differ in diagnostic quality, the two reviewers agreed only in one instance. Of the pairs of images that were found to differ in image quality, the reviewers did not agree on any of them. There did not appear to be any correlation between the subject or body part being scanned and the perceived differences in diagnostic or image quality of sonograms acquired with the dominant hand and nondominant hand. All of the vascular sonograms were deemed to be of adequate diagnostic quality for clinical use by both reviewers, regardless of whether they were acquired with the dominant or nondominant hand.
Cardiac sonograms. Comparisons of the diagnostic quality and image quality of the cardiac sonograms acquired with the dominant and nondominant hands are summarized in Table 6 . Both 
Discussion
PREVALENCE AND TYPES OF RSI
All eight sonographers who participated in this study stated that they had MSP from scanning exclusively with their dominant hand (i.e., their right hand). As expected, most of the pain was located in the right arm and right shoulder, but the sonographers also experienced significant pain in the neck and back. Most sonographers (five of eight) felt the pain even when they were not performing the sonograms. The types of treatments they used to help alleviate the pain included rest, medication, and massage therapy.
These results are similar to the findings from previous studies. A US study using a random survey of 983 diagnostic medical sonographers found that 81% reported musculoskeletal pain or discomfort that was associated with the work tasks of scanning. 8 Pain in the shoulder, neck, wrist, hand/fingers, and back was reported most often. Another US random survey of 113 echocardiology sonographers found that 80% of the sonographers reported back, neck, or shoulder pain. 5 Out of those who reported MSP, 47% sought physiotherapy or medical treatment. An Italian study found that around 80% of the 2041 surveyed sonologists were currently or previously affected with MSP. 15 They found that discomfort from the design of the transducer was the best predictor of hand and wrist disorders, but a comfortable chair and proper body position helped prevent neck and back pain.
TRAINING SONOGRAPHERS TO SCAN WITH THEIR NONDOMINANT HAND
Several obstacles must be addressed before sonographers are trained to perform scanning with their nondominant hand. Seven of the eight participating sonographers felt some physical discomfort when trying to perform scanning with their nondominant hand during the practice session. There was a consensus between the sonographers that additional equipment would be required if they were to perform scanning with their nondominant hand in their everyday practice. In particular, arm supports, electronic height-adjustable patient beds, and patient beds with cutouts to allow for more comfortable arm positioning would be necessary.
The sonographers must be trained on proper scanning techniques when using their nondominant hand. In particular, methods that the sonographers thought would be helpful included demonstrations by an experienced sonographer on techniques of scanning with the nondominant hand, as well as training sessions with a volunteer that would allow the sonographers to view their own videotaped postures.
Eight months after the practice scanning sessions, one of the vascular sonographers scans occasionally with her nondominant hand. All the cardiac sonographers who participated in the study continue to scan exclusively with their dominant hand. This is largely attributed to the fact that the layout of the echocardiology examination rooms at this particular hospital does not allow the sonography machine to be moved to the opposite end of the patient bed for left-handed scanning. However, the echocardiology examination rooms will be moving to a different location within the hospital, where the sonography machines will be able to be properly positioned for both left-handed and right-handed scanning.
DIAGNOSTIC AND IMAGE QUALITY
The fear that sonographers have of producing sonograms of substandard image and diagnostic quality must also be addressed. The reviewers found that there were more images with better image/ diagnostic quality acquired using the dominant hand than those acquired using the nondominant hand. However, most pairs of images had equivalent image and diagnostic quality, except the diagnostic quality of the vascular images rated by Reviewer V2 and the image quality of the cardiac images rated by Reviewer C1. All of the right-and left-handed acquired vascular images were found to be of adequate diagnostic quality. Furthermore, there was low agreement between the reviewers, except when the image pairs were thought to be of the same diagnostic or image quality. This might suggest that the differences in diagnostic and image quality were small between the images acquired with the dominant hand and nondominant hand.
STUDY LIMITATIONS
This study was limited by some external and internal threats to validity. Due to the mixed-methods research design with only eight sonographers as participants, the results cannot be directly generalized to a larger population of sonographers. In addition, each sonographer was given only a single two-hour scanning practice session. Further practice sessions might have altered the sonographers' experiences with scanning with their nondominant hand, as well as the image and diagnostic quality of the sonograms. Furthermore, the sonographers were not given proper arm supports or instructions on how to scan with their nondominant hand (e.g., through demonstrations by experienced sonographers who scan with the nondominant hand). It is possible that the sonographers would have had more of a positive experience scanning with their nondominant hand if a proper arm support had been provided and if an experienced sonographer had demonstrated scanning techniques using the nondominant hand. Future studies exploring the impact of multiple practice sessions, arm supports, and demonstrations would be beneficial in determining the feasibility of training sonographers to perform ambidextrous scanning to reduce RSI.
This study did not directly address other possible methods of reducing RSI, such as improving the sonographer's posture and incorporating rest periods to stretch and relax. 1, 6 The results from this study, however, did indicate that improved posture would be important to sonographers to reduce RSI. Participants suggested that advice from an ergonomist on proper body positioning, demonstrations on proper nondominant hand scanning techniques, and watching themselves on videos performing the scans could help them improve their posture. A combination of techniques, with ambidextrous scanning as a component, could provide an optimal strategy to reduce RSI.
Conclusion
All the sonographers who participated in this study experienced MSP and scanned exclusively with their dominant hand. Training sonographers to scan with both hands could be one possible way to reduce RSI by decreasing the repetitive movements by half and by balancing both sides of the body. This study suggests that it is feasible for sonographers to learn to perform sonographic scanning with their nondominant hand without compromising diagnostic and image quality. Several aids and methods to help train sonographers to scan with their nondominant hand were revealed, including providing arm supports, scheduling practice sessions, and demonstrating proper scanning techniques. Ambidextrous sonographic scanning is a promising method to help reduce RSI and should be explored further.
